Objective: Monosodium glutamate (MSG) has been marred by a lot of controversy on its safety. In a majority of experimental studies, administration of the compound has been parenteral, and yet little is known about MSG safety consumed as a food supplement. In this study, we assessed the effects of low concentrations of MSG on the activity of hydrogen scavenging, catalase activity and climbing as well as lifespan in male Drosophila melanogaster over a 30 days period since this has been sparsely studied.
Introduction
Monosodium glutamate (MSG) is a common household food seasoning and its use has stirred a lot of controversy [1] , although it has already received approval by international food regulatory agencies [2] [3] [4] . In a majority of experimental studies, MSG has been associated with oxidative stress [5] , although these findings have been difficult to reproduce [6] , thus fueling the controversy. This is because MSG is a salt of glutamate which is important in the Krebs pathway [7] . In addition, glutamate is common to foods eaten daily and its readily absorbed in the gut [8] . Furthermore, epidemiological studies have failed to identify the causative effects of the side-effects claimed to be associated with MSG [9, 10] , showing a need to gain clear insight on its safety. A study by Abolaji [11] has associated low MSG concentrations in Drosophila melanogaster with toxicities due to its high oxidative stress, and reduced lifespan effects in a 5 days study, however, information over longer durations of exposure is limited. Bearing in mind that D. melanogaster have an established toxicological advantage due to their large population numbers and short lifecycle [12, 13] , there was a need to examine MSG exposure in D. melanogaster over a longer period. In addition, oxidative stress in D. melanogaster has been found to decrease with an increase in age [14] , showing the role of the experimental period in toxicological evaluation of MSG. The objective of the study was to determine effects of MSG supplementation on hydrogen peroxide scavenging activity, catalase activity, negative geotaxis, and lifespan in male D. melanogaster.
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Methods
Monosodium glutamate (99%) was acquired from Ajinomoto Co. Inc, (Tokyo) Japan through the Institute for Innovation. Fly food was prepared in line with manufacturer recommendations [15] . In brief, 4 food types were prepared by supplementing regular fly food with From the stock population, virgin females and young males were placed on fresh food and allowed to mate. Fresh eggs were collected, and dated to ensure that the dates of birth are synchronized for all flies. In each experimental group, five replicas were created, with each vial consisting of 10 flies (i.e. n = 5 × 10 = 50), for each experiment. For all experiments, N = 50 flies × 5 groups × 4 experimental groups = 1000 flies. Flies were allowed to feed for a period of 30 days.
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Hydrogen scavenging and catalase activity determination
Drosophila melanogaster flies from different experimental groups were anesthetized on ice and homogenized in 0.1 M phosphate buffer, pH 7.0 (1 mg: 10 μL). Samples were further processed as previously described [11] . After centrifugation at 4000×g for 10 min, the supernatant was placed into sterile Eppendorf tubes and used for biochemical experimentation at the end of the experimental period.
Catalase activity was determined by measuring the decrease in the absorbance of H 2 O 2 (ε = 39.4 mM
) at 320 nm after a reaction mixture containing 500 µL of 50 mM phosphate buffer (pH 7.0), 180 µL of 300 mM H 2 O 2 , and 20 µL of sample was made to react for 2 min [11] . The decrease in absorbance of H 2 O 2 (ε = 39.4 mM
) at 320 nm was recorded 2 min after a reaction mixture containing 500 μL of 50 mM phosphate buffer (pH 7.0), 180 μL of 300 mM H 2 O 2 , and 20 μL of sample. Catalase activity was then measured and expressed as micromoles of H 2 O 2 decomposed per minute per milligram of protein. Furthermore total protein was also determined [17] .
The ability of the Drosophila to scavenge hydrogen peroxide was determined according to the well-documented method [18] with minor modifications. In brief, 40 mM of H 2 O 2 were prepared in phosphate buffer at a pH 7.4. To improve on the concentration of H 2 O 2 from the supernatant of D. melanogaster, centrifugation was repeated at 16,000×g and the refined supernatant (10 µg/ mL) were mixed with 0.6 mL of 40 mM H 2 O 2 . Absorbance was taken at 320 nm after 10 min against a blank solution containing phosphate buffer [19] . A total of 10 flies were used in each vial, and these were kept in 5 replicas for each experimental group (n = 5). The percentage of hydrogen peroxide scavenging of both D. melanogaster and standard was determined using the equation; where A c is the absorbance of the control and A s is the absorbance in the presence of the sample and standards.
Locomotion and lifespan determination
Locomotion determination was done using the negative geotaxis experiment as described by Niveditha [14] at the end of the MSG feed exposure period. A transparent plastic ring tube which would hold 10 flies at once of standard length, 25 cm was secured on a tripod stand. In brief, the tube was tapped gently to allow the flies to settle at the bottom and a timer was started, at the moment when they were allowed to climb. The total number of flies that moved above the 12 cm mark in 20 s were counted. This was repeated for all replicas in each experimental group and the mean number was taken as the number of flies which performed positively in the experiment, and these were expressed as a percentage for each group.
Lifespan study was conducted for male fly cultures at 25 °C, 60-65% humidity and a 12 h light/12 h dark cycle in a climate-controlled incubator and the number of dead flies were counted every 3 days for a period of 30 days [20, 21] .
Statistical analysis
Data was analyzed with Graph Pad prism 6, and presented as graphs. Factorial analysis of variance (ANOVA) was performed to test the interactions among treatment dosages using a Tukey's multiple comparison test for all experiments, expect the lifespan data which was analyzed using Kaplan-Meier survival analysis and Mantel-Cox was performed on the survival curves, with significance being reported when P < 0.05.
Results
The ability for Drosophila to scavenge hydrogen peroxide was low during different MSG exposure concentrations (P > 0.05) as shown in Fig. 1a . In addition, catalase activity was found to be lowest in the 5% MSG exposed male flies (P < 0.05) in comparison to the control as shown in Fig. 1b .
There were no significant changes in the geotaxis (Fig. 2a) although 5% MSG had a higher climbing index. In addition, survival was higher in the 0.2% and 0.04% MSG in comparison to 5% and 1% MSG (Fig. 2b) . No significant differences were associated with lifespan, negative geotaxis and scavenging activity during this experimental period (Table 1) .
Discussion
Low levels of MSG had no significant changes on hydrogen peroxide (Fig. 1a) , which is key in the formation of reactive oxygen species [11] . These observations show that MSG at low concentrations would have enhanced antioxidant activity (Fig. 1b) , demonstrating the safety of MSG once consumed in food due to its beneficial effects, which is in agreement with previous findings [22] . Bearing in mind that domestic usage of MSG has been internationally recommended [1] [2] [3] [4] . The increased oxidative stress associated with lower concentrations of MSG [6] , would be difficult to reproduce once its administered parenteral and at high concentrations as reported in several experimental studies [5] . Furthermore, adaptive responses associated with MSG at concentrations used by Abolaji [11] were not reproducible, showing the relevance of the current study.
The study also showed that low concentrations of MSG did not significantly affect the climbing index (Fig. 2a) . This was important since MSG contains glutamate which is readily absorbed in the gut and assimilated into the Krebs cycle during energy production [7, 8] . Increased energy production would subsequently be associated with increased glucose breakdown, and production of more reactive oxygen species [23] , leading to a decrease in antioxidant activity (Fig. 1b) . Finally, lifespan was not affected by MSG at low concentrations used in the study (Fig. 2b) , showing that MSG was safe in D. melanogaster. These findings show that effects of MSG on lifespan would be due to the high concentrations (i.e. 10%-20%) with are above safe concentrations recommended for humans [24] , showing the wisdom of using small concentrations in foods. The lack of significant effects (Table 1) at these concentrations would offer a basis as to why no epidemiological data has been able to associate MSG successful with patient outcomes since humans, often consume the compound in very small concentrations, showing a need for a clinical study.
Limitations
More information would be acquired by including more antioxidants and oxidative stress markers as we were unable to investigate them, however, this study provides basic information on the safety of low concentrations of MSG. Furthermore, information from female D. melanogaster would offer further insights on any toxicological effects which may be gender related.
